Systematic Review

Early surgical intervention or watchful waiting for the management
of asymptomatic mitral regurgitation: a systematic review and
meta-analysis

Andrew B. Goldstone"”’, William L. Patrick", Jeffrey E. Cohen'?, Chiaka N. Aribeana', Rita Popat’,
Y. Joseph Woo'

'Department of Cardiothoracic Surgery, Stanford University School of Medicine, Stanford, USA; “Division of Cardiovascular Surgery, Department of
Surgery, Perelman School of Medicine, University of Pennsylvania, Philadelphia, USA; *Department of Health Research and Policy, Stanford University
School of Medicine, Stanford, USA

*These authors contributed equally to this work.

Correspondence to: Y. Joseph Woo, MD. Norman E. Shumway Professor and Chair, Department of Cardiothoracic Surgery, Professor, by
courtesy, Department of Bioengineering, Stanford University, Falk Building CV-235, 300 Pasteur Drive, Stanford, CA 94305-5407, USA.

Email: joswoo@stanford.edu.

Background: Discordance between studies drives continued debate regarding the best management of
asymptomatic severe mitral regurgitation (MR). The aim of the present study was to conduct a systematic
review and meta-analysis of management plans for asymptomatic severe MR, and compare the effectiveness
of a strategy of early surgery to watchful waiting.

Methods: A systematic review was performed using the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines. Studies were excluded if they: (I) lacked a watchful waiting cohort;
(II) included symptomatic patients; or (IIT) included etiologies other than degenerative mitral valve disease.
The primary outcome of the study was all-cause mortality at 10 years. Secondary outcomes included
operative mortality, repair rate, repeat mitral valve surgery, and development of new atrial fibrillation.
Results: Five observational studies were eligible for review and three were included in the pooled
analysis. In asymptomatic patients without class I triggers (symptoms or ventricular dysfunction), pooled
analysis revealed a significant reduction in long-term mortality with an early surgery approach [hazard
ratio (HR) =0.38; 95% confidence interval (CI): 0.21-0.71]. This survival benefit persisted in a sub-
group analysis limited to patients without class II triggers (atrial fibrillation or pulmonary hypertension)
[relative risk (RR) =0.85; 95% CI: 0.75-0.98]. Aggregate rates of operative mortality did not differ between
treatment arms (0.7% wvs. 0.7% for early surgery vs. watchful waiting). However, significantly higher repair
rates were achieved in the early surgery cohorts (RR =1.10; 95% CI: 1.02-1.18).

Conclusions: Despite disagreement between individual studies, the present meta-analysis demonstrates that
a strategy of early surgery may improve survival and increase the likelihood of mitral valve repair compared
with watchful waiting. Early surgery may also benefit patients when instituted prior to the development of
class II triggers.
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Introduction

The second most frequently encountered valve disease
in Western countries, degenerative mitral regurgitation
(MR), is often incidentally discovered in asymptomatic
patients (1,2). MR due to degenerative mitral valve
disease is surgically repairable in most patients (3,4), and
correction routinely improves symptoms and restores
life expectancy to that of the general population (5,6).
Although most clinicians acknowledge the importance of
surgical intervention in symptomatic patients with severe
MR, there is continued disagreement regarding routine
surgical referral earlier in the disease process, prior to the
development of American College of Cardiology/American
Heart Association (ACC/AHA) class I triggers (symptoms or
left ventricular dysfunction) (7-9). Advocates of a “watchful
waiting” approach maintain that untreated asymptomatic
severe MR confers no incremental morbidity or mortality
if surgery is delayed until the development of specific
defined clinical endpoints (6), while proponents of early
surgical referral assert that earlier surgery prevents deaths
that would otherwise be avoidable (10-12). Discordant
views also manifest in the most recent iterations of
cardiovascular society practice guidelines; the ACC/
AHA task force assigns early mitral valve surgery a class
ITa recommendation (“should be considered”) (13), while
the European society task force takes a more conservative
stance, assigning a class IIb recommendation (“may be
considered”) to surgery in asymptomatic individuals (14).
Similarly, disagreement persists over referring patients for
surgical intervention even earlier in the disease process,
prior to the development of ACC/AHA class II triggers
(atrial fibrillation or pulmonary hypertension) (13,14).

Initial investigation into the “watchful waiting” strategy
demonstrated both safety and efficacy (6). However, in an
era of mounting evidence that more centers can achieve
less than 1% mortality rates and near 100% repair rates
(3,4,15), as well as evidence that in the setting of severe
MR, occult myocardial dysfunction is often masked
by a “normal” preoperative ejection fraction (16),
the “watchful waiting” strategy has recently been re-
interrogated (10-12). Despite continued controversy,
only a handful of centers have investigated the impact of
early surgery for asymptomatic severe MR. The aim of
the present study was to compare the effectiveness of a
strategy of early surgery to watchful waiting by conducting
a systematic review and meta-analysis of management
plans for asymptomatic severe MR.
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Methods
Search strategy

A systematic review was performed according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (17). PubMed, Web
of Science, Google Scholar, and The Cochrane Library
were queried on October 23, 2014 with no constraint
for date, language, or type of publication. The search
strategy emphasized sensitivity for asymptomatic mitral
valve insufficiency and utilized a series of truth functions
to increase specificity for study populations meeting the
inclusion criteria (Appendix). For each database, searches
included the words “mitral valve insufficiency” and

*”. The electronic search was supplemented with

“asympt
an examination of the reference lists of relevant articles as

well as discussion with experts.

Study selection

We included any cohort study published in a peer-reviewed
journal after 1998 with greater than 100 adult patients with
asymptomatic MR who either underwent surgery within
6 months of diagnosis or were subject to watchful waiting.
Single-arm studies in which only a watchful waiting strategy
was employed were also included in the systematic review.
The year 1998 was chosen because it coincides with the
introduction of the ACC/AHA practice guidelines suggesting
the efficacy of an early surgery approach. Non-English
studies were eliminated due to the lack of resources necessary
for translation. One investigator (WLP) screened the
titles and abstracts of all search results for gross adherence
to the study criteria and two authors (ABG and WLP)
independently reviewed the full texts of the screened results
to confirm the eligibility of each included study (Figure I).

Data extraction

Data were extracted for the rate of all-cause mortality,
cardiac mortality, cardiac events, operative mortality,
mitral valve repair, atrial fibrillation, repeat mitral valve
surgery, and development of class I or II triggers from all
five included studies using a standardized form. Data for
actuarial freedom from all-cause mortality in subgroup
analyses of patients without atrial fibrillation or pulmonary
hypertension were also extracted. Non-perioperative data
(all-cause mortality, cardiac mortality, cardiac events, atrial
fibrillation, repeat mitral valve surgery, development of class
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PubMed, Web of Science, The
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Figure 1 Study selection process.

I or II triggers) were extracted at the timepoint closest to
10 years (range, 8-12 years) from study inclusion.

Statistical analysis

Meta-analysis was conducted with Comprehensive
Meta-Analysis version 2.2.064 (Biostat Inc., Englewood,
New Jersey, USA). Because of heterogeneity in study
populations, including differences in inclusion criteria and
definitions of early surgery, a random-effects model was
used in all analyses. Aggregate proportions, hazard ratios
(HR), and relative risks (RR) were used to report pooled
estimates. In cases of significant heterogeneity (I'>50%;
Cochran Q statistic significance level <0.05), sensitivity
analyses were performed to determine whether removal
of each study would impact the pooled result. For the
primary outcome, a fail-safe N test was performed to
evaluate publication bias.

Results

The search strategy and removal of duplicates retrieved 850
title-abstracts for review. Of these, 179 full-text articles were
eligible for assessment. Sixty-three articles did not meet the
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proposed inclusion criteria (most often due to heterogeneity
of mitral valve disease or presence of symptoms in the study
cohort) and 102 articles were reviews or editorials (Figure I).
Three retrospective observational cohort studies with
propensity score adjustment analyses were included for
data extraction and analysis (10-12). Two additional cohort
studies that only investigated a watchful waiting strategy
were included to better understand heterogeneity in results
of the conservative approach (5,6). Two studies from Kang
and colleagues were derived from the same database. Hence,
the study encompassing the larger time frame and that which
included an additional study center’s data was included.

Table 1 summarizes the characteristics of the included
studies and provides insight into potential biases in each
study. The definition of early surgery varied between studies,
and was performed within 3 to 6 months upon diagnosis
of severe MR. Additionally, only the studies by Rosenhek
and colleagues (6) and Kang and colleagues (12) specifically
excluded patients with class II triggers (atrial fibrillation
or pulmonary hypertension) on study entry. However, the
remaining studies do report results of subgroup analyses
performed in patients without class II triggers (10,11). Also
of note, patients were younger in the studies by Rosenhek

and colleagues (6), and Kang and colleagues (12).

Ann Cardiothorac Surg 2015;4(3):220-229



223

Annals of cardiothoracic surgery, Vol 4, No 3 May 2015

“UOIBID0SSY UBSOH MIOA MBN ‘VHAN ‘©AJeA [edw
‘AN “uoneyBINBal [eaiW ‘HIA “e1ewWwelp 01j0ISAS pus JenoluaA ¥a| ‘QSIAT ‘UOIoR.) Uoo8e JBjNoLIUSA o] YA ‘eele 8010 Juenbinbal eAlosye ‘YOHT ‘ein|ies wesy aAsebuod 4HO

(juswabeuew
|ealbins
o1e1 Jredal ‘Aujepiow aaelodo  PUE [€D1pall) AyyedoAwolipies sisoubelp [2€2] Aiebins
‘(Uoiye||UqL [BLUIE MBU IO sieak |°g 10 oseasIp peay oIWayos! 1e oewoydwAse  Ad pemojio}
‘aln|iey Leay aAlsebuoo ‘sesneo ‘(Aluo ‘K1abins aAeA Joud ‘sisous)s [elyw ‘Aydesboipseooyos Bunrem
JBIPJEO WOJ) Y1esp) SusAe  juswabeuew sleW 9%g9 ‘esessip Ueay [elusbuoo ‘esessip oloBIOYISURI] INJYIIEM (er0S8UUIN (ONEE)
Je|noseAoIpied pue ‘Ayjepow [eoIpaw) ‘sieak g9 SAJeA pIdsNoLI] 0 8SBasIp SA[BA Aq pa1osiep ‘[yrge] bunem 491s9400y) oueses
oeIpJeD ‘Ajijepow asneo ||y sieak /g abe uespy OIHOB. JUBDBIUBIS ‘906> 4IN] HIN eAlzelsusbaq INJYoYep 96y ‘ol okel\ 600z  -zenbuug
PHww o>
dSVd PUe ‘Wyikys
AyredoAwolpied  snuis ‘ww G> @SN
a1eJ Jredal “Ayfepiow aaielado 1O BSESSIP EsY OIWBYDS! ‘SISOUSIS ‘9409< 437 ‘sisoubeip  [S€] Aebins
‘(uoisuapadAy Areuownd pue |eayw ‘eseasip Lesy [eynushuoo 1e onewoydwAse  Ad pemojjo}
‘Uolje||Ligly [BLIE 18SUO MU ‘9SBasIp SA[BA DILOE JUBOLIUBIS ‘Ayde.Boipiesoyos Bunrem (elasny
‘UoI3oUNYSAP JBINDLIIUSA 1B)) slBW %g9 ‘uoisuspsdAy Areuowind oloBIOoYISURI] INFY21EM ‘BUUSIA) BUUSIA
S]USAS JE|NOSBAOIpIeD ‘Ajijepow ‘sieahk GG ‘uone|uqly [eue ‘ww < dSAAT Aq pajos1ep HIN ‘[ze ] Bunem J0 Ajsianiun (9) /e 19
oeIpJeD ‘Aljepow asneo ||y sieak g'g abe uespy ‘9509> 43T ‘IR SSBIO VHAN  @Aljessusbap aienas INJYorepy  2el [BQIPBIN 9002 eyuesoy
ajel Jiedal ‘Ayjepow sisoube|p Jo syjuow
aAllelado ‘(sewoupuAs Areuoiod dew %69 (g8< obe) Aupigiowod ¢ ulyum = Aiebins Ae3
21NoB pue ‘9X01S [BlBjuou ‘sieah 9 dnoib oy onp AieBuns o} uoEDIPUIEIUOY ‘sisoubeip
%00|q Je|noLijusAoLle 818|dwoo Buniem |nNJUoIeM <£56ins aajea snoirsid Jo SISous)s 1e onjewoldwAse (wniBjeg
‘sijpJeoopus [eaw ‘Asbins Joyebe UBSIN ey ‘esessip pesy [BRUSBUOD ‘AydesBoipseooyos  [29] Bunem ‘slessnug)
[eJ}iW 1o} posdU ‘syiesp oelpied) ‘olew o4 |/ ‘Sieak  ‘9seasip SA[BA O[LOE JUB}LIOOUOD 2l0BJIOYISUBIY INJYSIBAN on1-18
S]USAS JB|NOSBAOIPIBD ‘Ajijepow 29 dnoub Aiebins jueoiubis ‘ww G ASIAT Aqg pajosiep HIN ‘lsei] salle}isioniun (o) e e
JeIp.IeDd ‘AleHoW 8sned ||y sieak g'g  Aues Joj obe ues|y ‘%09> 43T ‘IR SSBIO VHAN ~ oAlfessusbap aiensg Aiebins Aueg g6l senbiull) 6002  IUBIUOW
Aupigiowoo  Ssoubelp Jo syjuow ¢
S[eW %2/ o) enp Aisbins 0} uoneoipuienuos  UUHM = AieBins Ajieg (se1E1S
‘sieaf /9 dnoib ‘fuebuns aneA snoiraid ‘sisoufelp pajun 8y} pue
Bunrem [njyorem 10 SISOUS]S [eJ)iW ‘9SeasIp 1e onewoldwAse ‘wnibjeg ‘Afey
Jo} abe ues\ Heay [eHuabuod ‘oseasip anjen ‘AydesBoipieooyos [G28] Bunem ‘9ouel Woly
a1el Jredal ‘Ayepiow ‘sleW %g/ ‘sieak olpoe ueoubis ‘uoirenbinbel oloBIOYISUBI] [NIYSIBAN S191U80 XIS)
aAlresado ‘uole||Lqy [eLie G9 dnoub Aiebuns  [edyw olwisyos! ‘W 0y ASINT Aq pejosiep 1ejyes) (iej ory] [euonnsul (L) e e
‘ainjie} yeay ‘Aljerow asneo ||y sieak ¢'0l Ajes Joj abe ues|y ‘509> 43N ‘IR SSeID VHAN  PUB YIN @Aizessusbag Assbins Aie3 120t -nINN°- €102 ung
Apigiowod
SeW o} onp A1oBins 0} UoKEIPUIRIIUOD  SISOUBEIP Jo syjuow 9
%GS ‘s1eak G'0S fiobins eajen snoinaid Jo sisousys  UIUHM = Aiebins Ajreg
(dnoub dnoib yoeoudde gy ‘esessip pesy [enUsBUOD ‘sisoubelp (eaio)]
o1es uiedal “Ayjepiow aaneledo UoEOIddE OA) SAJBAISSUOD  <gspasip oA[BA OIHOE JUBOLIUBIS 1e onewoldwAse Uinos ‘|noas)
‘(4HD 01 8np uoneziEydsoy  -BAIBSUOD) 10y obe UBSIN “soewiouge uonow [[em [euoibel ‘Aydesboipseooyos 49jua) [edIPSN
pue ‘Aisbins AN 1eedal ‘yiesp sieak g'g ‘slew J0 eseasIp Alape A1euoiod ooeloyysues; [G2€] Bunem Bunswes
oeIpJed ‘Ayjepow aAesado) {dnoib 99 ‘sieak Z'0g ‘uoisuspadAy Areuownd Jo Aq pe1oel1ep INJYSIBM (eo10% YyINOg
SJUBAS Je|noSeAOIpIED ‘Yreap Asebins Aues) dnoib Aiebins Aues  uone||uqy [euie ‘ww 0y ASIAT - (W9 #°0< YOd3) HIN H[elord| ‘(noag) Js1usD) (1) 1o
oe|pJeo ‘Alljepow asneo ||y sieahk G, Joy ebe ues|y ‘0609> 43AT ‘IIZ SSBI9 YHAN aAljelauabap alenag Aiebins Aeg (19 |BOIPSIN UeSY 1102 Buey
papodas sawooIN0 %oﬂ_“%“ouww_ﬁ\“ mozmmwmu_vwﬁmu BLIS]IIO UOISN|OX] BLIS}IO UOISN|oU| ﬁz_wﬂwn_vﬂmw N  (S)uonnuisu] Jesp Amocw_www‘_mv

SIPMIS PAPN[IUT JO SONSLIAORILYD) | IR,

Ann Cardiothorac Surg 2015;4(3):220-229

www.annalscts.com

© Annals of Cardiothoracic Surgery. All rights reserved.



224
o
=
S
S
) o _ o —
£5 2 |88c gz 9%«
TS5 = |[=€ 2 |2 qQez
4—'9)
© >
0 ® [Te} T}
Q D — N~
id o |9 =2
w S = = e I
&3 ©
c Yo — (o]
o > e 0 S SN
5 ol S 1~ = = QO NEs
= = w2 -9 -2
2
=
£ 8~
= =
< Ry
(9] o o N~
i o o & = I I
o 7o) o
(OIS O~ N~ 0 —~ O ™
25 £ |22 889 o5 Q
© £ = = o S S S el
ol
[oli =
O ©
€ 0 © T}
& I+ %@
0 N S IR
w SESE 5 T RN | I
S
= ) o
o s 2 el > -
9/\ o © X O =) M D =
&) ; O (o NG ~ (o)
o X e o S Il o O i=
=< = 02 AL AT A2
T QO
> ©
= o) © o)
g s S -
= S8 I5 55
(] S — 5 e
w N2 D= I
i X X X X N
= Y N ~ %) ™
£  FN EN
= X X X X X
= G © o) I - o)
c € = © NS © o 5]
O o
? 9 X X X
0 © 152) Y <
r o 4 + H
= X X X
© (9] — o)) o))
w o 5 5 I I
5
w
4 £5
Zl 2|29 ® © @&
2 = |'g OX Q ™~ ]
-3 © C‘DLQ — o o
9] T O£ 5 ! T T
S| 6 |82 F A oD
2| E |f x| v ~2
Sl o ([ E T SIS o © 1SS | I
=N
A
5| = ©
%) (&) o =
Q . (=) — — —_
g = [e) N~ [\ ()]
g < O X ~ ™~ 0]
O = — o o
E $S lo0® ue ¢
— > (Y uY oo
5 O (o2 o2 o2 | I
.S
=
d= & «
O 8 & T =86 0__ N
N c — - €S ©€© O
o >\ng ~ v"(gv cC = 3
= T o O9= _ = €= $= 85
G 2 % 33 583 08 g3 ¢
= O 4~ 4~ -~ +~
I n = X% OO0 =0 @ W

© Annals of Cardiothoracic Surgery. All rights reserved.

(0.9)

(90.9)

-Sarano
etal. (5)

*, Actuarial survival at 12 years (Kang et al.), 10 years (Suri et al. and Montant et al.), 8 years (Rosenhek et al.), and 5 years (Enriquez-Sarano et al.). HR, hazard

ratios; Cl, confidence interval; ES, early surgery; WW, watchful waiting; NR, not reported.
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Long-term all-cause mortality

Two of the three studies reported a significant difference in
all-cause mortality between the early surgery and watchful
waiting groups (7able 2) (10,11). In the three studies with
a comparator arm, 10- to 12-year survival was 89% to
91% in the early surgery cohort and 62% to 88% in the
conservative cohort (10-12). However, in an isolated analysis
of the watchful waiting approach, Rosenhek and colleagues
reported an 8-year survival rate (91%), equivalent to that of
the survival of early surgery groups (6).

Pooled analysis of the overall study cohorts revealed a
significant reduction in long-term mortality with an early
surgery approach [HR =0.46; 95% confidence interval
(CI): 0.24-0.88]. This survival benefit was even more
pronounced in a pooled analysis of the propensity score
matched cohorts (HR =0.38; 95% CI: 0.21-0.71) (Figure 2).
Furthermore, the benefit of early surgery on survival
persisted after a sensitivity analysis was performed to address
the significant heterogeneity between studies (I’'=67.13%,
P=0.05 for Q statistic). Given the strong effect size of the
three included studies, 21 unpublished null result studies
would be required to bring the new pooled P value to a non-
significant level (fail safe N test). To determine whether
even earlier surgical intervention improved survival, a
pooled analysis of the subgroup without atrial fibrillation
or pulmonary hypertension was performed. The reduction
in all-cause mortality persisted when those without class 11
triggers underwent early surgery compared with watchful
waiting (RR =0.85; 95% CI: 0.75-0.98). However, significant
heterogeneity was noted (I’=86.93%, P<0.001 for Q statistic).

Operative mortality

All studies (including the two without an early surgery
group) reported operative mortality rates <1% (Table 2)
(5,6,10-12). Aggregate mortality rates across all five studies
revealed an operative mortality of 0.7% in the early surgery
cohorts and 0.7% in the watchful waiting cohorts. Meta-
analysis corroborated the absence of an incremental risk
of operative mortality with a watchful waiting approach
(RR =0.55; 95% CI: 0.13-2.32) (Figure 3).

Repair rate

In two of the three comparative effectiveness studies, the
rate of mitral valve repair compared with replacement was

significantly higher in the early surgery cohorts (Zible 2) (11,12).

www.annalscts.com Ann Cardiothorac Surg 2015;4(3):220-229
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Study name Statistics for each study Hazard ratio and 95% CI
Hazard Lower Upper
ratio limit limit 2Z-Value p-Value
Kang et al. 0.509 0.241 1.076 -1.769 0.077
Suri et al. 0520 0.346 0.781 -3.149  0.002
Montant et al. 0.190 0.093 0.388 -4.566 0.000
0.382 0.206 0.708 -3.057 0.002

0102 05 1 2 5 10

Favors Early Surgery Favors Watchful Waiting

Figure 2 Pooled analysis of all-cause mortality stratified by timing of surgical intervention.

Study name Statistics for each study Risk ratio and 95% CI
Risk Lower Upper
ratio limit limit Z-Value p-Value
Kang et al. 0.141 0.006 3.438 -1.202 0.229
Suri et al. 1267 0305 5264 0325 0.745
Montantetal. 0.184 0.012 2838 -1.213 0.225
0.546 0.128 2.324 -0.818 0413
0.01 0.1 1 10 100

Favors Early Surgery Favors Watchful Waiting

Figure 3 Pooled analysis of operative mortality stratified by timing of surgical intervention.

Study name Statistics for each study Risk ratio and 95% CI
Risk Lower Upper
ratio limit limit Z-Value p-Value

Kangetal. 1.155 1.047 1273 2879 0.004 B

Suri et al. 1.069 1.019 1.122 2718 0.007
1.098 1.022 1179 2559 0.010 ’

0.5 1 2

Favors Watchful Waiting Favors Early Surgery

Figure 4 Pooled analysis of mitral valve repair rate stratified by timing of surgical intervention. Note that the study by Montant et al. could
not be included because there were zero mitral valve replacements in both groups.

In the third study, Montant and colleagues achieved a 100%
repair rate in both groups (10). However, exclusive of the
study by Montant and colleagues, the mitral valve was
surgically repaired in less than 95% of cases in all studies,
regardless of treatment cohort.

Pooled analysis of the comparative effectiveness studies
demonstrated that early surgery significantly increased the
likelihood of mitral valve repair compared with watchful
waiting (RR =1.10; 95% CI: 1.02-1.18) (Figure 4). Although
excluded from the pooled analysis because they lack a
comparator arm, the watchful waiting studies by Rosenhek

© Annals of Cardiothoracic Surgery. All rights reserved.

and colleagues and Enriquez-Sarano and colleagues both
reported repair rates (82.9% and 90.9%, respectively) less
than that of the early surgery cohorts in the comparison
studies (93% to 100%).

Repeat mitral valve surgery

Three studies included data on the incidence of repeat
mitral valve surgery (6,10,12). Kang and colleagues
reported similar rates of repeat mitral valve surgery in
the early surgery and watchful waiting groups (1.7% wvs.

www.annalscts.com Ann Cardiothorac Surg 2015;4(3):220-229
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1.0%, respectively, P=1.0) (12). Rates of reoperation in the
other two studies were higher; 5.6% of patients required
reoperation in the early surgery cohort of Montant and
colleagues’ study (10), and mitral reoperations were
performed in 5.7% of patients in the watchful waiting
cohort of Rosenhek and colleagues’ study (6). Because only
one study included data from both treatment arms, pooled
analyses of the incidence of repeat mitral valve surgery were
not performed.

Atrial fibrillation

Three studies analyzed the incidence of new atrial
fibrillation (6,11,12). Although more patients in the early
surgery cohort developed atrial fibrillation within the first
3 months of study entry, the overall incidence of atrial
fibrillation did not significantly differ between treatment
groups over long-term follow-up (24.7% early surgery vs.
27.0% watchful waiting, P=0.89) (11). The incidence of
atrial fibrillation was lower in the watchful waiting cohort
in the study by Kang and colleagues (21.2% early surgery
vs. 9.3% watchful waiting, P<0.0001) (12). This lower rate
of atrial fibrillation closely approximated that reported by
Rosenhek and colleagues (8.5%) (6). Meta-analyses were
not performed because only two studies contained data for
both treatment arms.

Development of class I or II triggers

Only the Rosenhek series automatically referred patients
for surgery when class I or II triggers developed. In their
series, 55% of patients remained free of surgical triggers
8 years after study inclusion (6). In another prospective
study of asymptomatic patients with degenerative MR, only
46% of patients remained free from surgical intervention
at 5 years (5). However, it should be noted that physician
or patient preference was the primary surgical indication in
47 of the 232 patients that underwent surgery.

Discussion

Improvement in the clinical outcomes of the surgical
treatment of mitral valve disease has rejuvenated advocacy
for earlier intervention in the disease process, prior to
the development of symptoms or ventricular dysfunction.
Yet, discordance between observational investigations of
watchful waiting and early surgery management strategies
drives the continued controversy surrounding this issue.

© Annals of Cardiothoracic Surgery. All rights reserved.
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This international disagreement resonates in disparate
recommendations by American and European professional
society practice guidelines. The overall survival benefit
and increased likelihood of receiving a mitral valve repair
afforded by early surgery in the present meta-analysis
supports the more aggressive therapeutic strategy. However,
several caveats warrant discussion.

In order to determine the optimal management of
asymptomatic severe MR, one must weigh the risks of early
surgery against that of watchful waiting. Specifically, is the
development of symptoms or adverse sequelae of MR (left
ventricular dysfunction, atrial fibrillation, or pulmonary
hypertension) inevitable? Also, does waiting to intervene
until such triggers develop negatively impact survival or
operative outcome?

Not every asymptomatic patient with severe MR rapidly
develops symptoms or adverse sequelae of the disease. In
the study by Rosenhek and colleagues, 55% of patients
remained free of class I or II triggers 8 years after the
diagnosis of severe MR, and trigger incidence did not
significantly differ between patients with leaflet flail or
leaflet prolapse (6). In contrast, in the study by Enriquez-
Sarano and colleagues, asymptomatic individuals acquired
class I or II triggers at a faster rate; more than half of the
patients required surgery within 5 years (5). Because it
may predict symptom onset or ventricular dysfunction,
stress testing is emerging as a useful prognostic modality in
evaluating asymptomatic patients with MR. In fact, twenty
percent of “asymptomatic” patients may have significantly
reduced exercise capacity and should actually be classified
as symptomatic (18). Exacerbation of MR during exercise
correlates with poorer symptom-free survival (19,20), and
impaired contractile reserve during stress testing may
predict significant left ventricular dysfunction in medically
treated patients (21). Thus, stress testing may identify those
that would most benefit from an early surgery approach if a
watchful waiting strategy is employed (8).

Yet, the question remains whether waiting to intervene
until class I or II triggers develop worsens survival. In a
well-designed prospective study, Rosenhek and colleagues
demonstrated excellent survival when patients were only
referred for surgery at the onset of class I or II triggers (6).
However, in the present study, pooled results from the three
published comparison trials revealed a significant reduction
in the hazard of death when an early surgical approach
was used. It should be noted that over 20% of patients
included in the studies by Suri and colleagues and Montant
and colleagues had atrial fibrillation and/or pulmonary
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hypertension, and these class II triggers were more often
present in the early surgery group (10,11). However, both
investigator groups did conduct sub-group analyses in
which patients with these class II triggers were excluded.
Using this sub-group data, individual and pooled results
again demonstrated a survival benefit in the early surgery
cohort. Thus, early surgery even appears to improve
survival compared with that of a watchful waiting strategy if
employed prior to the development of atrial fibrillation or
pulmonary hypertension. Whether that benefit stems only
from those that are more likely to rapidly develop symptoms
or ventricular dysfunction with medical management cannot
be determined with the data currently available.
Apprehension surrounding watchful waiting also
originates from concern that inferior surgical outcomes
result from delaying surgery. Although operative mortality
did not differ between treatment arms in individual
or pooled analyses, significantly higher repair rates
were achieved in the early surgery cohorts. Because
of the inherent risks of prosthetic mitral valves (valve
degeneration, thromboembolism, anticoagulant-associated
hemorrhage, and endocarditis) and the survival advantage
associated with mitral valve repair (22-24), it is critical that
patients undergoing surgery for degenerative MR have a
very high probability of durable repair, especially those
with asymptomatic disease. Current ACC/AHA practice
guidelines recommend intervention only if the probability
of repair exceeds 95% and expected mortality is less than
1% (13). Although the pooled operative mortality for
both groups was less than 1% (0.7% for early surgery wvs.
0.7% for watchful waiting), examination of aggregate data
across all five studies demonstrates that the 95% repair
rate recommended by the ACC/AHA task force was only
attained in the early surgery group (94.5% for early surgery
vs. 87.7% for watchful waiting). Thus, there may be a
disadvantage with respect to repairability with a watchful
waiting approach that may potentially impact survival in
the long-term. Because of the observational nature of each
comparison study, the decision to operate early was at the
discretion of physicians. Consequently, those with more
complex valve disease may have been preferentially funneled
into the watchful waiting cohort. However, examination
of the characteristics of each study population reveals that
such a bias is likely not the case; the proportions of patients
with anterior or bileaflet prolapse were similar in each
group (10-12). Also, it must be noted that the centers that
conducted these studies were reference centers. At such
centers, mitral valve repair rates approach 100% (4,25),
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compared with national repair rates ranging between 48%
and 77% (26). Although repair of isolated single-segment
posterior leaflet dysfunction is sufficiently standardized
and reproducible, more complex valve dysfunction is
significantly more difficult to durably repair. Given the
association between surgical expertise, volume, and
outcomes, it is advisable that asymptomatic patients with
more complex valve pathology be referred to valve centers
of excellence if a strategy of early surgery is employed (26).

Considerable heterogeneity in the demographics of
each study population may in part account for discordance
between the study by Rosenhek and colleagues and the
four other studies included in this systematic review. For
example, the mean age of patients in the former study
(55 years) is substantially lower than that of the studies
by Suri and colleagues (65 years), Montant and colleagues
(63 years), and Enriquez-Sarano and colleagues (63 years).
The relatively young age of patients in the study by
Rosenhek and colleagues may therefore limit external
validity. In fact, the survival benefit afforded by early
surgery is significantly more pronounced in individuals
over 50 years of age (12). Additionally, variance in gender
distribution amongst the different studies are noted and
may further confound inter-study comparisons (8).

Limitations

The strength of any meta-analysis is limited by the strength
of the included studies. No randomized trial exists that
compares the two management strategies. Because of
the observational design of each study, confounding by
indication limits internal validity. However, all three
comparison studies included in the pooled analyses
employed propensity score matching to mitigate this
bias. Although the number of patients in each study was
relatively large, only three studies could be included in the
meta-analysis and conclusions from the pooled analyses
must be drawn with the understanding that they are limited
by significant heterogeneity. Also, studies do not always
report data on the same clinical endpoints. Consequently,
important endpoints, such as the incidence of stroke and
heart failure, could not be assessed.

Conclusions

Discordant results of observational studies yield
disagreement regarding the preferred management of
asymptomatic severe MR. The present study represents,
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to our knowledge, the first systematic review and meta-
analysis on this topic, and demonstrates that a strategy
of early surgery improves survival and may increase the
likelihood of mitral valve repair. Because the studies were
conducted in reference centers, one cannot predict whether
a survival advantage would persist if a strategy of routine
early surgical referral is employed nationally. A randomized
comparative effectiveness trial is clearly needed. Until then,
management decisions should be individualized to each
patient, and asymptomatic patients with higher risk profiles
or with more complex valve dysfunction should be referred
to expert centers to maximize the probability of a durable
repair and optimal outcome.
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Appendix

Detailed search strategy

PubMed was queried using the search term “Mitral
Valve Insufficiency”[Mesh] AND asympt* AND (watch*
OR wait* OR surg* OR interv* OR repair* OR replace*
OR conven* OR treat*)”. This search returned 327
results. Web of Science was queried for the topic “Mitral
valve insufficiency” and refined by the search terms
“asymptomatic” and “wait* or watch* or interven® or
repair® or replace* or conven* or treat*”. This search
returned 389 results. Google Scholar was queried for all the
words “mitral valve insuf* asymptom® repair*” including
the exact phrase “watchful waiting”. This search returned
364 results. The Cochrane Library was querried for trials

with the MeSH descriptor “[Mitral Valve Insufficiency]
explode all trees and with qualifier(s): [Surgery - SU]” and
the qualifier “asympt*”. This search returned 102 results.

In total, our query returned 1,182 results. All search
results were imported into EndNote X7. Duplicate
search results were identified by the software and 333
were eliminated after a manual review. The remaining
850 results were filtered and abstracts, letters, editorials,
and case-reports were eliminated. Results which were
published through a non peer-revieved platform or deemed
irrelevant (typically on the basis of being in vitro or in
non-human species) were eliminated. Non-English results
were eliminated because we lack the necessary translation
resources.



